Intermediate structural states involved in MRP1-mediated drug transport. Role of glutathione.
Human multidrug resistance protein 1 (MRP1) is a member of the ATP-binding cassette transporter family and transports chemotherapeutic drugs as well as diverse organic anions such as leukotriene LTC(4). The transport of chemotherapeutic drugs requires the presence of reduced GSH. By using hydrogen/deuterium exchange kinetics and limited trypsin digestion, the structural changes associated with each step of the drug transport process are analyzed. Purified MRP1 is reconstituted into lipid vesicles with an inside-out orientation, exposing its cytoplasmic region to the external medium. The resulting proteoliposomes have been shown previously to exhibit both ATP-dependent drug transport and drug-stimulated ATPase activity. Our results show that during GSH-dependent drug transport, MRP1 does not undergo secondary structure changes but only modifications in its accessibility toward the external environment. Drug binding induces a restructuring of MRP1 membrane-embedded domains that does not affect the cytosolic domains, including the nucleotide binding domains, responsible for ATP hydrolysis. This demonstrates that drug binding to MRP1 is not sufficient to propagate an allosteric signal between the membrane and the cytosolic domains. On the other hand, GSH binding induces a conformational change that affects the structural organization of the cytosolic domains and enhances ATP binding and/or hydrolysis suggesting that GSH-mediated conformational changes are required for the coupling between drug transport and ATP hydrolysis. Following ATP binding, the protein adopts a conformation characterized by a decreased stability and/or an increased accessibility toward the aqueous medium. No additional change in the accessibility toward the solvent and/or the stability of this specific conformational state and no change of the transmembrane helices orientation are observed upon ATP hydrolysis. Binding of a non-transported drug affects the dynamic changes occurring during ATP binding and hydrolysis and restricts the movement of the drug and its release.